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To analyze the functions of the two monarch butterfly CRYs, we expressed the full-length coding region of each in Drosophila Schneider 2 (S2) cells to assay for photosensitive and transcriptional activities. As dCRY undergoes a light-dependent reduction in protein levels in S2 cells because of proteasome-mediated degradation [4], we assessed the ability of a 6 hour light pulse to promote dpCRY1 and dpCRY2 degradation, and compared the responses to those of dCRY (the positive control) and mCRY1 (the negative control). The levels of dCRY and dpCRY1 decreased substantially (95% and 53%, respectively) after the 6 hour light exposure, while mCRY1 and dpCRY2 levels were unaltered ( Figure 2A ). So in S2 cells dpCRY1, like dCRY, is degraded in response to light, while dpCRY2 and mCRY1 are not.
To assess transcriptional activity, we used a luciferase reporter construct with an E-box enhancer from the monarch period ( The occurrence of two cry genes is not unique to the monarch butterfly. Rather, they provide a window into a more global view of CRY evolution in insects: analysis of other insect genomic and EST databases have revealed two distinct cry genes in the genomes of the Chinese oak silkmoth (Antheraea pernyi), the commercial silkworm (Bombyx mori) and the mosquito (Anopheles gambiae); only the mammalian-like cry has been identified so far in the genomes of the honeybee (Apis mellifera) and the red flour beetle (Tribolium castaneum) (Figure 1) . Importantly, the mosquito proteins agCRY1 and agCRY2 also have distinct functions in S2 cells, identical to those of the monarch butterfly CRYs (Figure 2A,C) . These findings extend the distinct functions of insect CRY1 and CRY2 to two orders, Lepidoptera and Diptera.
In contrast to the other insects examined, only the previously characterized, photoreceptive dCRY is found in the annotated Drosophila genome. Studies have shown that dCRY is involved in circadian clock function in peripheral tissues through a photoreceptor-independent mechanism [8-10], so it is conceivable that dCRY has transcriptional acitvity in peripheral clocks. The only bona fide function of dCRY in the central clock, however, is as a blue-light photoreceptor [1,6].
In the butterfly and mosquito, CRY1 and CRY2 are functionally distinct: the CRY1s are closer in sequence to dCRY and are photosensitive, while the CRY2s are closer in sequence to mCRY1 and mCRY2 and are repressors of E-box-mediated transcription. In Drosophila, PERIOD is the major transcriptional repressor in the Light suppresses monarch butterfly (dp)CRY1 and mosquito (ag)CRY1 levels in S2 cells. V5 epitope tagged mCRY1, dCRY, dpCRY1, dpCRY2, agCRY1, or agCRY2 was co-expressed with V5 tagged β β-galactosidase.
After 
